Introduction
Persimmon (Diospyros kaki L.), a tree belonging to the family Ebenaceae, was originally cultivated in China and Japan. In Turkey, persimmon fruits are widely cultivated in the Mediterranean and Black Sea regions, and Turkish persimmon production reached 15,000 t year -1 in 1997 (Ünal 2004) . Persimmon fruits range in color from light yellow-orange to dark red-orange and can be classified in 2 main groups: astringent and nonastringent. Astringent persimmons might not be consumed before softening due to their high levels of soluble tannins, whereas nonastringent varieties can be eaten fresh (Ito 1971) .
Persimmon fruit is a good source of carbohydrates, organic acids, vitamins (mainly A and C), minerals, phenolic compounds, dietary fiber, and carotenoids (Homnava et al. 1990; Senter et al. 1991; Gorinstein et al. 2001; Del Bubba et al. 2009; Veberic et al. 2010) . Phenolic compounds have been reported to exhibit antioxidant, anticarcinogenic, antimutagenic, and cardioprotective effects. Together with ascorbic acid they protect body tissues against oxidative stress (Gorinstein et al. 1998; Scalbert and Williamson 2000; Suzuki et al. 2005) . Ito (1971) reported that fructose and glucose were the main sugars in persimmon fruits, comprising more than 90% of the total sugars. Sucrose was detected at minor levels.
As a consequence of their valuable health effects and high economic value, persimmon fruits are the target of increasing scientific interest. In particular, this fruit is generating research focusing on its sugar, phenolic, and ascorbic acid contents, which have direct and/or indirect effects on the pharmaceutical properties of this fruit.
In addition to their beneficial health effects, phenolic compounds also influence sensory qualities of fruits such as color, taste, and flavor, and astringency caused by phenolic compounds affects the consumption quality of fruits. The stage of maturity significantly influences the concentration of phenolic compounds (Baltacıoğlu et al. 2011) . Although many articles in the literature investigated the phenolic composition of persimmon, only a few investigated the changes in phenolic compounds throughout the ripening process (Sattar et al. 1992; Karhan et al. 2003; Del Bubba et al. 2009 ). In the present study, it was aimed to investigate the changes in the total phenolic content and the phenolic composition of 6 different persimmon cultivars from Ordu, Turkey, during postharvest storage. Additionally, chemical composition was studied and the distribution of sugars and L-ascorbic acid content were presented.
Materials and methods

Plant materials
Fresh, mature, but unripe persimmon fruits belonging to 4 astringent cultivars (Diospyros kaki 'Türkay, ' Diospyros kaki 'Hachiya, ' Diospyros kaki '07 TH 13, ' and Diospyros kaki 'Moralı') and 2 nonastringent ones (Diospyros lotus 'Tozlayıcı' and Diospyros kaki 'Fuyu') were purchased from local producers in Ordu, Turkey.
Sample preparation
The fruit samples were separated into equal groups. One group was used directly to determine chemical composition and total and individual phenolic contents of persimmon fruits. The rest were assayed at 7-day intervals during a 5-week storage period at room temperature. Türkay varieties were processed at 14-day intervals during an 8-week storage period due to their high amount of phenolic compounds. The persimmon fruits were crushed with a stainless steel knife and then the seeds were manually separated, and fruits were homogenized with an Ultra-Turrax (TP 18-10, Janke and Kunkel KG, IKA Werke, Staufen im Breisgau, Germany) for 2 min. The homogenized samples were kept at -20 °C until analysis.
Determination of chemical composition
General parameters were measured according to the following official methods (AOAC, 2000) . Dry matter was determined by heating in a vacuum oven at 70 °C until a constant weight was obtained. The pH level was measured with a pH meter (WTW pH 537, Mettler Toledo, Germany). Titratable acidity was measured using 0.1 M NaOH up to pH 8.1 and was expressed as a percentage of malic acid. Soluble solid content was measured with an Abbe refractometer (ATAGO, Japan). For determination of total ash, samples were preburned with ethanol in order to prevent foaming, the temperature was gradually raised to 550 °C, and the samples were ashed for 24 h until they became white in color. For crude fiber analysis, samples were boiled with acid and base, respectively. Total fat was extracted with n-hexane (60 °C) over 6 h using a Soxhlet extractor. Protein content determined by micro-Kjeldahl method (James 1995) was calculated as total N × 6.25.
Determination of total phenolic content
The Folin-Ciocalteu colorimetric method was used to determine the total phenolic content (Singleton and Rossi 1965) . Homogenized samples were mixed with a methanolwater solution (80%, v/v) containing 1% hydrochloric acid (37%) according to a dilution factor of 1:5 (g mL -1 ). In order to avoid photodegradation and oxidation reactions, the mixture was shaken at 200 rpm over 4 h in a closed unit and centrifuged for 15 min at 6000 rpm. Supernatant was diluted according to the supernatant to pure water ratio of 1:60, and then 0.75 mL of Folin-Ciocalteu reagent (previously diluted 10-fold with distilled water) was mixed with 100 µL of diluted solution and kept at 22 °C for 5 min. After adding 0.75 mL of sodium bicarbonate (60 g L -1 ), the mixture was allowed to stand at 22 °C for 90 min and absorbance was measured at 725 nm. Results were represented as milligrams of ferulic acid equivalent per kilogram of fresh fruit.
Analysis of phenolic content
High-performance liquid chromatography (HPLC) was used to determine the concentrations of individual phenolic compounds in persimmon fruits. The supernatant was filtered through a 0.45-µm Millipore membrane filter (Sartorius AG, Göttingen, Germany). The Shimadzu Class-VP HPLC System (Shimadzu Corp., Kyoto, Japan) used consisted of a SLC-10 A VP system controller and computer-controlled system with Class-VP software. A Shimadzu DGU-14A degasser, LC-10 ADVP Shimadzu pump, CTO-10 ASVP column oven, and an SPD-MIOA VP photo diode array (PDA) detector set at 280 nm were the other accessories used with the equipment. A reversed-phase ACE-5C18 (5 µm, 250 × 4.6 mm ID) column (ACE, Aberdeen, UK) was used for separation. The flow rate was 1.0 mL min -1 , injection volume was 20 µL, and column temperature was 25 °C. The 2 mobile phases used for gradient HPLC elution were acetic acid (2.5%) and HPLC-grade methanol. The elution profiles were as follows: solvent A, 0-8 min, 65%; 8-8.5 min, 60%; 8.5-20 min, 44%; 20-30 min, 40%; 30-30.5 min, 35%; and 30.5-35 min, 20% (Artık et al. 1999) . A 5-min post-run at initial conditions for equilibrium of the column was used. By using the PDA detector, the absorption spectra of each compound were determined online. Identification of chromatographic peaks in the samples was performed by comparing their retention times and UV spectra with those of their reference standards. Quantification was made from the peak area of each component and its corresponding calibration curve.
Analysis of L-ascorbic acid
L-ascorbic acid contents of the samples were determined by HPLC. The homogenized persimmon samples were mixed with deionized water according to a dilution factor of 1:5 (g mL -1
) in the magnetic stirrer. The mixed samples were filtered through Schleicher & Schuell no. 589 3 black band filter paper and then through a 0.45-µm Millipore membrane filter (Sartorius AG), and were injected into the HPLC system for the determination of L-ascorbic acid content. During the application, samples were protected from direct sunlight. The Shimadzu HPLC system, equipped with a Shimadzu DGU-14A degasser, LC-10 ADVP Shimadzu pump, CTO-10 ASVP column oven, and SPD-MIOA VP PDA detector set at 210 nm, was used. A stainless steel Zorbax C18 (150 × 4.6 mm ID, 5 µm) column (Agilent Technologies, Palo Alto, CA, USA) was used for separation. The injection volume was 20 µL and the column temperature was 25 °C. Next, 0.2 M of KH 2 PO 4 (Merck) in deionized water solution was used as the mobile phase, which had a flow rate of 0.5 mL min -1 . By using H 3 PO 4 (Merck), the pH of the mobile phase was adjusted to 2.4 (Gökmen et al. 2000) . Quantification was made from the peak area of the component and its corresponding calibration curve.
Analysis of sugars
The HPLC system was used for determination of the sugars. The homogenized persimmon samples were mixed with deionized water according to a dilution factor of 1:5 (g mL -1
) in the magnetic stirrer. The mixed samples were filtered through Whatman No. 42 filter paper and then through a 0.45-µm Millipore membrane filter (Sartorius AG), and were injected into the HPLC system for the determination of sugar content. The Shimadzu HPLC system, equipped with a Shimadzu DGU-14A degasser, LC-10 ADVP Shimadzu pump, CTO-10 ASVP column oven, and RID 10A Shimadzu refractive index detector, was used. A Zorbax carbohydrate analysis column (Agilent Technologies) with 150 × 4.6 mm ID (5 µm) at 30 °C was used for the determination of sugar composition. A 75:25 solution of acetonitrile and water was used as the mobile phase, which had a flow rate of 1.4 mL min -1 .
Statistical analysis
The data were analyzed as a completely randomized design by analysis of variance using Minitab 14.12.0 (Minitab Inc., State College, PA, USA). Mean separation was performed with the Tukey test at P < 0.05. Results of the analyses are the means of 2 replicates.
Chemicals
The following standards were used for the determination of sugars, ascorbic acid, and phenolic compounds: fructose and glucose were obtained from Sigma-Aldrich (St Louis, MO, USA); L-ascorbic acid was from Merck (Darmstadt, Germany); gallic acid, ferulic acid, chlorogenic acid, and (+)-catechin were obtained from Sigma-Aldrich; rutin (quercetin 3-rutinoside) was purchased from Wako Chem. Ind. Ltd. (Osaka, Japan); Folin-Ciocalteu reagent and other chemicals were from Merck; and methanol and acetonitrile, used as eluents, were either of analytical or HPLC grade and were obtained from Fluka (BioChemikaFluka Chemie GmbH, Buchs, Switzerland). All reagents were of analytical or HPLC grade and were obtained from Merck.
Results
Chemical composition of the persimmon fruits
The chemical composition of the persimmon fruits before the postharvest storage period is presented in Table 1 . Brix, pH, and the titratable acidity were higher in the astringent species than in the nonastringent species. However, the ash, crude fiber, moisture, protein, and total fat contents of the persimmon fruits were similar.
Change in total phenolic content of persimmon fruits
The change in total phenolic content of persimmon fruits during maturation is shown in Figure 1 . At the beginning of the storage period, the total phenolic contents of Türkay, Hachiya, 07 TH 13, Moralı, Tozlayıcı, and Fuyu were 751.3, 379.2, 166.6, 153.5, 126.9, and 109.1 mg kg -1 fresh weight (fw) of fruits, respectively. It can be seen from the results that total phenolic contents were higher in astringent varieties than in nonastringent varieties. Maximum reduction in the amount of total phenolics was observed in Moralı, with a 60.9% reduction. This was followed by a 58.9% reduction in 07 TH 13, 57.5% reduction in Türkay, 54.4% reduction in Hachiya, 24.4% reduction in Fuyu, and 12.7% reduction in Tozlayıcı. It was concluded that during storage at 22 °C, the total phenolic content of astringent cultivars dropped significantly to over 50% of its initial amount, while the reduction in total phenolic content remained under 25% of initial levels in nonastringent cultivars. The influence of storage time on the total phenolic content of persimmons was statistically significant at the studied levels (P ≤ 0.05), and after the storage period persimmon total phenolic contents decreased significantly compared with initial levels for all persimmons (P ≤ 0.05).
Change in phenolic content of persimmon fruits
A total of 4 phenolic compounds were identified and quantified in persimmon fruits: gallic acid, chlorogenic acid, rutin, and catechin. Gallic acid (3, 4, 5-trihydroxybenzoic acid) was determined as a major persimmon phenolic. Phenolic compounds were quantitatively measured before persimmons were stored, and the following amounts were recorded. Gallic acid ranged from 383.4 to 1.1 mg kg -1 fw in all persimmons, and among the 6 persimmons the highest amount of gallic acid was found in the Türkay cultivar; chlorogenic acid was detected in Hachiya, 07 TH 13, Moralı, Fuyu, and Tozlayıcı at 7.7, 32.8, 3.0, 3.0, and 21 .5 mg kg -1 fw, respectively; rutin was detected in Hachiya and 07 TH 13 at 13.1 and 10.5 mg kg -1 fw, respectively; and catechin was detected in Moralı, Fuyu, and Tozlayıcı at 2.9, 2.7, and 7.1 mg kg -1 fw, respectively. Furthermore, the effects of a 22 °C postharvest storage period on the phenolic compounds of persimmon fruits were investigated (Figure 2) .
The amount of each phenolic compound decreased during storage at 22 °C. The amounts of phenolic compounds declined with an increase in storage time (P ≤ 0.05), with the highest reduction (86% of initial amount) observed in the rutin content of 07 TH 13. Gallic acid contents decreased in the range of 37%-75% of their initial levels in fruits during postharvest storage. Rutin losses in Hachiya and 07 TH 13 were 35% and 86% of their initial amounts, respectively; however, these changes were not significant (P > 0.05). At the end of the storage period, reductions in chlorogenic acid ranged from 33% to 76% of their initial levels. These reductions were statistically significant at the studied levels (P ≤ 0.05), with the exception of Hachiya (P > 0.05). Loss in the catechin content of Moralı, Fuyu, and Tozlayıcı varieties was 76%, 57%, and 62%, respectively. As the results demonstrate, concentrations of individual phenolics exhibited a significant decrease during the storage period.
L-ascorbic acid content of persimmon fruits
Persimmon is a rich source of L-ascorbic acid, which is an important antioxidant (Homnova et al. 1990) . In this study, the concentration of L-ascorbic acid ranged from 14.9 to 15.5 mg 100 g -1 fw for astringent persimmons and was 15.4 and 15.8 mg 100 g -1 fw in the nonastringent Fuyu and Tozlayıcı varieties, respectively. Although the ascorbic acid content seemed to be higher in nonastringent varieties than in astringent ones, there were no statistically significant differences between astringent and nonastringent varieties in terms of L-ascorbic acid content (P > 0.05).
Sugar content of persimmon fruits
The sugar compounds identified and quantified in this study were glucose and fructose. Glucose and fructose amounts in persimmon fruits are presented in Table 2 . For the astringent cultivars, glucose ranged from 16.70 to 19.56 g kg -1 fw, and fructose was in the range of 10.62 to 13.97 g kg -1 fw. Glucose and fructose content in Fuyu and Tozlayıcı ranged from 22.42 to 19.62 g kg -1 fw and from 17.72 to 14.58 g kg -1 fw, respectively. These results suggest that glucose amounts are higher than fructose amounts for all varieties, and nonastringent cultivars contain more glucose and fructose than astringent cultivars. 
Discussion
Persimmon is known as an excellent source of primary and secondary metabolites such as phenolic compounds, L-ascorbic acid, and sugars (Giordani et al. 2011) . The chemical constituents of persimmons are often reported in the literature. The general composition of the fruits found in the current study was in accordance with previous findings on persimmon (Ito 1971; Aksu 1994; Celik and Ercisli 2008) . In this study, the Brix, pH, and titratable acidity were higher in the astringent species than in the nonastringent species (Table 1) . Similarly, Ito (1971) reported concentrations of total soluble solids from 18.0 to 20.8 in astringent persimmon fruits and 16.2 in nonastringent persimmon fruits. Similarly, total phenolic contents were higher in astringent varieties than in nonastringent varieties (Figure 1 ). Most studies in the literature comparing the total phenolic content of astringent and nonastringent persimmon fruits showed that the total phenolic content is higher in astringent persimmons than in nonastringent persimmons (Suzuki et al. 2005; Jang et al. 2011; Li et al. 2011) . Additionally, some authors determined changes in total phenolic content with postharvest storage. In agreement with studies on various persimmon cultivars (Sattar et al. 1992; Bibi et al. 2001; Karhan et al. 2003; Del Bubba et al. 2009 ), total phenolic content was found to decrease with storage.
Individual phenolic compounds in persimmon fruits and the influence of a 22 °C storage period on these compounds were also investigated (Figure 2) . Gallic acid was determined as a major persimmon phenolic, in agreement with the results in Japanese persimmon reported by Suzuki et al. (2005) and Chen et al. (2008) . Each phenolic compound decreased during the 22 °C storage period. Changes in total phenolic compounds in persimmon have been studied in general; however, changes in individual phenolic compounds of persimmon fruits during postharvest storage have not been widely reported in the literature. In agreement with reports for various persimmon cultivars, phenolic concentrations decreased along with the progress of ripening (Sattar et al. 1992; Bibi et al. 2001; Karhan et al. 2003) . However, some authors observed a significant increment in the concentration of soluble tannins during the first period of fruit development and reported that it was related to the strong synthesis of proanthocyanidins. After this increment, soluble tannin concentrations showed a constant decrease with the progress of ripening (Del Bubba et al. 2009 ).
The literature showed that ascorbic acid content varied greatly. Giordani et al. (2011) critically reviewed more than 10 studies and reported that the mean value of ascorbic acid content in persimmons was 47 ± 39 mg 100 g -1 fw on average. Results from the current study were low compared with this result. However, the mean value of vitamin C content in the Hachiya cultivar was 12 ± 10.50 mg 100 g -1 in a study done in Turkey (Celik and Ercisli 2008) , and results of the current study were in agreement with this result. The widely varying ascorbic acid content of different persimmon cultivars may be due to environmental conditions, cultivar, and ripeness stage. The amount of glucose was higher than the amount of fructose for all varieties, and nonastringent cultivars contained more glucose and fructose than astringent cultivars. Similarly, Giordani et al. (2011) found that glucose was the most abundant sugar in persimmon fruits and reported amounts ranging from 2.2 to 10.8 g 100 g -1 fw for astringent and nonastringent persimmons. Another sugar compound, fructose, was reported to range from 1.2 to 9.0 g 100 g -1 fw for astringent and nonastringent persimmons. However, no statistically significant differences between glucose and fructose were found in the fruits of astringent cultivars compared to nonastringent types (Giordani et al. 2011 ).
In conclusion, chemical composition, total phenolic content, phenolic compounds, sugars, and ascorbic acid content of the fruits of 6 different persimmon cultivars obtained from Ordu, Turkey, were determined in the present study. The influence of postharvest storage on the total phenolic content and phenolic compounds of persimmon were examined. Persimmons were found to be a good source of polyphenolic compounds including gallic acid, chlorogenic acid, rutin, and catechin. During the postharvest storage process, decreases in total phenolic content and phenolic compounds of persimmon were observed. The total phenolic content of astringent cultivars dropped to over 50% of the initial levels during storage, whereas the reduction was under 25% of initial levels for nonastringent cultivars. Similarly, persimmon fruit was a good source of L-ascorbic acid. There was no difference observed between astringent and nonastringent varieties in terms of L-ascorbic acid content. Persimmons contained high amounts of sugars, especially glucose and fructose. Persimmons have higher levels of glucose than fructose.
